ABSTRACT
D
ementia is a growing medical, social, and economic problem. Approximately 24 million individuals have this disease globally, and their number is expected to double every 20 years to reach 81 million by 2040. 1 Among dementias, AD is the most common primary neurodegenerative disease. 2 Patients with amnesic MCI are at high risk for progression to AD. 3 VaD is induced by cerebrovascular disease; it is considered the most common secondary cause of dementia. 4, 5 Less common but important causes of dementia are DLB and FTLD. 5, 6 Small hypointense foci in the brain on T2*-weighted gradient recalled-echo and SWI are thought to be microbleeds. [7] [8] [9] SHF are associated with symptomatic intracerebral hemorrhage, hypertension, and advanced age. [10] [11] [12] [13] [14] Male sex, smoking, and diabetes mellitus may be risk factors for SHF. 10, 14, 15 On MR imaging, SHF are associated with radiologic signs of small-vessel disease, whitematter hyperintensities, and lacunar infarcts. 11, 14, [16] [17] [18] Histologically, they represent previous extravasation of blood and are related to bleeding-prone microangiopathies of different origins (eg, lipohyalinosis, amyloid deposition). 8 Deep subcortical SHF are thought to be associated with vascular risk factors, 11 and lobar SHF are usually attributed to vascular ␤-amyloid deposits (cerebral amyloid angiopathy). 11, [19] [20] [21] Among patients with cognitive disorders, those with AD, MCI, and VaD tend to have SHF. 22 In healthy subjects, the prevalence of SHF detected by 2D T2*-weighted GRE imaging ranged from 0% to 21% 14, 23, 24 ; it increased to 32% in patients with AD, 25 to 20%
in patients with MCI, 22 and to 85% in patients with VaD. 26 Although histologic studies found a relatively high prevalence of microhemorrhages in the brains of patients with DLB at postmortem examination, 27 no MR imaging studies examining SHF in patients with DLB have been reported. Although there are a few studies of SHF detected on SWI of control subjects and patients with the limited type of dementia, 21, 28 no cohort studies have evaluated the prevalence and topography of SHF on 3T SWI in various types of dementia. The purpose of this study was to investigate the prevalence and topography of SHF on 3T SWI in patients with different dementia subtypes.
MATERIALS AND METHODS

Study Population
All procedures followed the Clinical Study Guidelines of the Ethics Committee of Kumamoto University Hospital and were approved by the internal review board. A complete description of all procedures was provided to the patients, and written informed consent was obtained from them or their caregivers. We collected data from 592 consecutive patients who attended the Dementia Clinic of the Department of Neuropsychiatry, Kumamoto University Hospital, from January 2008 to February 2010. All patients were examined comprehensively by 2 senior neuropsychiatrists (M.I., M.H.) having sufficient experience in examining patients with dementia. Routine laboratory and standardized neuropsychological tests, such as the Mini-Mental State Examination, brain MR imaging, and single-photon emission tomography were also performed; all results were incorporated into the diagnosis. The diagnoses were made by a team of neuropsychiatrists, neuropsychologists, and radiologists. We excluded 245 patients who met the following exclusion criteria: 1) severe behavioral problems that would make MR imaging difficult; 2) evidence of focal brain lesions on MR imaging such as posttraumatic brain injury or brain tumor; 3) diagnosis of depression, posttraumatic brain injury, idiopathic normal pressure hydrocephalus, or other neurodegenerative diseases (eg, corticobasal degeneration, progressive supranuclear palsy, Parkinson disease with dementia); 4) history of serious psychiatric diseases, substance abuse, or developmental abnormalities; 5) inability to obtain informed consent; or 6) SWI with severe motion or susceptibility artifacts. Consequently, clinical and MR imaging data on 347 patients were used in this prospective study.
All diagnoses were based on pre-established criteria: for AD, fulfilling the criteria for probable AD of the National Institute of Neurologic Disorders and Stroke/Alzheimer Disease and Related Disorders Association 29 ; for VaD, fulfilling the criteria for prob- 
MR Imaging Protocol
MR imaging was performed on a 3T unit (Magnetom Trio; Siemens, Erlangen, Germany). The MR imaging protocol included axial SWI (64 sections per slab, FOV ϭ 230 mm, matrix ϭ 256 ϫ 256, section thickness ϭ 2 mm, voxel size ϭ 0.9 ϫ 0.9 ϫ 2 mm, TE ϭ 20 ms, TR ϭ 27 ms, flip angle ϭ 15°), axial FLAIR, axial T2-weighted turbo spin-echo, 3D T1-weighted magnetizationprepared rapid acquisition of gradient echo sequences and diffusion-weighted imaging, MR spectroscopy, and MR angiography. SWI processing was with software incorporated into the MR imaging system console (Siemens) according to published methods. 34 SWI was constructed by multiplying magnitude by filtered phase images to enhance the susceptibility effect, followed by 16-mm minimum intensity projection reconstruction.
Evaluation of Microbleeds and Other Findings on MR Imaging
On a PACS workstation, all SWI was independently analyzed by 2 neuroradiologists (H.U., T.H.) blinded to clinical data. They reviewed divergent evaluations to reach a consensus. They assessed the number and location of SHF on 2-mm contiguous SWI; 16-mm minimum intensity projection SWI was also used to differentiate SHF from veins. SHF suggesting microbleeds were defined as small (Ͻ10 mm diameter), homogeneous, round foci of low signal intensity (Fig 1) . Symmetric hypointensities in the globi pallidi or dentate nuclei thought to reflect physiologic calcification or iron deposits, flow void artifacts of pial blood vessels, and hyposignals inside a lesion compatible with an infarct were not recorded as SHF suggesting microbleeds because they could reflect hemorrhagic transformations. Because SWI has skull base artifacts that limit the view of the base of the brain, we excluded the evaluation of SHF in that location. SHF were counted throughout the brain and categorized as SHF in the basal ganglia/ thalamus (including the internal and external capsule), infratentorial (brain stem and cerebellum), and lobar (cerebral cortex and subcortical and periventricular white matter) regions. SHF in the lobar region were subgrouped as frontal, temporal, parietal, and occipital. When at least 1 small hypointense focus was detected, the region or area of the brain was defined as SHF-positive.
With regard to assessment of small-vessel disease on MR imaging, image analysis was performed in consensus by 2 radiologists (H.U., T.H.). Lacunar infarcts were defined as small round-or oval-shaped infarcts of Ͻ15 mm in diameter, with high signal intensity on T2-weighted images; low signal intensity on magnetizationprepared rapid acquisition of gradient echo and FLAIR sequences, ruling out enlarged perivascular spaces; and patchy leukoaraiosis. Lacunar infarcts were considered present or absent when there was at least 1 in the basal ganglia/thalamus or brain stem. White matter hyperintensities were graded on FLAIR sequences by using a previously described method as grades 0 -3 (absent, punctuate, early confluent, or confluent abnormalities).
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Statistical Analyses
Statistical analyses were performed with the Statistical Package for the Social Sciences, Version 19 (SPSS, Chicago, Illinois). Interobserver agreement between 2 readers of SWI with respect to the number of SHF-positive regions was determined by calculating the coefficient ( Ͻ 0.20, poor; ϭ 0.21-0.40, fair; ϭ 0.41-0.60, moderate; ϭ 0.61-0.80, good; ϭ 0.81-0.90, very good; and Ͼ 0.90, excellent agreement). Inter-and intragroup differences were assessed with the 2 , Fisher exact, or Student t test. Group comparisons with respect to the number of SHF were performed by using the Kruskal-Wallis test. Crude and adjusted odds ratios and the accompanying 95% confidence interval were calculated for every diagnostic group by using the patients with subjective complaints as the reference group. To adjust for age, sex, and arterial hypertension, we performed logistic regression analyses between the subjective complaints group and each of the other groups. Differences of P Ͻ .05 were considered statistically significant.
RESULTS
Prevalence of Microbleeds
Interobserver agreement between 2 readers of SWI with respect to the number of SHF-positive regions was very good ( ϭ 0.87). Among the 347 patients, 160 (46.1%) had at least 1 small hypointense focus, 30% had one, 17% had two, 20% had 3-5, and 33% had Ͼ5 SHF. The mean patient age at the time of the MR imaging study was 74.3 Ϯ 8.8 years; 130 (37.5%) were men. The mean Mini-Mental State Examination score was 21.0 Ϯ 5.3. The prevalence of SHF differed significantly with age, sex, hypertension, and Mini-Mental State Examination (P Ͻ .05). Among patients 75 years or older (n ϭ 204), 55% harbored SHF compared with 33% in patients younger than 75 years (n ϭ 143) ( 2 ϭ 16.27, P ϭ .0001). Men had a higher prevalence than women (57% versus 40%) ( 2 ϭ 9.10, P ϭ .0026); 66% of patients with and 29% of those without hypertension manifested SHF ( 2 ϭ 44.06, P Ͻ .0001). There was a significant difference between microbleeds and Mini-Mental State Examination (SHF-positive: mean, 20.3 Ϯ 5.2; microbleed-negative, mean, 21.7 Ϯ 5.4; t ϭ 2.44, P ϭ .015). The median number of SHF (interquartile range) for each group was subjective complaints ϭ 1 (1-2), MCI ϭ 2 (1-7), AD ϭ 3 (1-7), DLB ϭ 2 (1-5), FTLD ϭ 3 (2-5), and VaD ϭ 15 (2-32).
As shown in Table 1 , the prevalence of SHF among the groups differed significantly (P Ͻ .0001); 86% with VaD, 54% with DLB, 48% with AD, 41% of MCI, and 27% with FTLD harbored SHF. Of our patients with subjective complaints, 22% manifested SHF. Logistic regression analysis, adjusted for age, sex, and hypertension, showed that the adjusted odds ratio (95% CI) for SHF, by using the subjective complaints group as a reference, was 9.2 (2.0 -43.6) for VaD, 5.4 (1.2-24.3) for AD, 3.1 (1.1-8.8) for DLB, 2.0 (0.5-8.1) for MCI, and 1.5 (0.4 -5.4) for FTLD. There was a statistically significant difference between the subjective complaints and the VaD, AD, or DLB group (P Ͻ .05). (46) 7 (22) 21 (41) 77 (48) 22 (54) 9 (27) 24 (86) BG/T region 62 (48) 2 (6) 10 (20) 25 (15) 5 (12) 2 (6) 18 (64) IT region 64 (18) 2 (6) 11 (22) 23 (14) 7 (17) 2 (6) 
Topography of Microbleeds
The lobar region was the most frequent site of SHF in each group (Table 2 and Fig 2) ; 136 (39.2%) of the 347 patients were found to have at least 1 small hypointense focus in this region. The SHF prevalence of lobar, basal ganglia/thalamus, and infratentorial regions was 41%, 15%, and 14% for patients with AD; 44%, 12%, and 17% for those with DLB; and 27%, 6%, and 6% for those with FTLD, respectively. For these 3 groups, there was a significant difference in the SHF prevalence in the lobar versus basal ganglia/ thalamus or infratentorial regions (P Ͻ .05) (Fig 2) . This was not the case in patients with VaD, MCI, and subjective complaints. There were no statistically significant intragroup differences with respect to involvement of the frontal, temporal, parietal, and occipital areas in any of the groups.
Prevalence of White Matter Hyperintensities and Lacunar Infarcts
The prevalence of white matter hyperintensities and lacunar infarcts in each dementia subgroup is shown in Table 3 . Lacunar infarcts were observed in 71 of 347 (20%) patients. In patients with dementia, 82% with VaD, 26% with MCI, 17% with DLB, 16% with AD, and 6% with FTLD harbored lacunar infarcts. Our patients with subjective complaints did not have lacunar infarcts. With regard to white matter hyperintensities, confluent white matter hyperintensities were seen in 42 of 347 (12%) patients. Confluent white matter hyperintensities were observed in 54% of patients with VaD, 16% with MCI, 9% with AD, 5% with DLB, and 3% with FTLD. Of our patients with subjective complaints, 3% manifested confluent white matter hyperintensities.
DISCUSSION
Our 3T SWI study disclosed a high prevalence of SHF among patients; 22% with subjective complaints, 27% with FTLD, 41% with MCI, 48% with AD, 54% with DLB, and 86% with VaD harbored SHF. Ours is the first study documenting the prevalence of SHF on SWI in patients with DLB and FTLD, to our knowledge. In healthy subjects or patients with subjective complaints, the prevalence of SHF depicted on 2D T2*-weighted gradient recalled-echo images ranged from 0% to 21%. 14, 23, 24 It ranged from 18% to 32% in AD 22, 25 and from 65% to 85% in VaD 22, 26 ; in patients with MCI, it was reported to be 20%. 22 On a 1.5T SWI study by Goos et al, 28 the prevalence of SHF was 30% in subjective complaints, 39% in AD, and 44% in MCI. The sensitivity of SWI for microbleeds was reported to be 3-6 times higher than that of T2*-weighted gradient recalled-echo imaging. 9, 36 The depiction of microbleeds on SWI is reported to be more enhanced at 3T and 7T than at 1.5T. 9, 37 However, the prevalence of SHF on 3T SWI in our patients did not increase markedly compared with that on 1.5T SWI in the previous report. 28 Although the exact reason is unknown, the difference in patient characteristics (eg, sex, arterial hypertension) might have affected the results. The relative prevalence of SHF was different among our diagnostic groups. The adjusted odds ratio for SHF by using patients with subjective complaints as the reference was 9.2 for VaD, 5.4 for AD, 3.1 for DLB, 2.0 for MCI, and 1.5 for FTLD. A statistically significant difference was found between the subjective complaints and the VaD, AD, or DLB group. Cordonnier et al 22 reported the relative prevalence of SHF in a cohort of patients attending a memory clinic. Their odds ratio for microbleeds using patients with subjective complaints as the reference was 15.9 for VaD, 2.1 for AD, and 2.3 for MCI.
Because there are some differences between their study and ours, it may be difficult to compare the relative prevalence of SHF between the 2 studies. They used T2*-weighted gradient recalled-echo imaging at 1T, and the mean age of their subgroups was lower than ours. In addition, they did not adjust the odds ratios for age, sex, and hypertension, and they did not perform subgroup analysis of patients with DLB and FTLD. Carbon 11 Pittsburgh Compound B studies revealed high ␤-amyloid cortical binding in almost all patients with AD, 38, 39 in 60% of those with MCI, 39 and in Ͼ50% those with DLB 40, 41 ; in 25% of patients with FTLD, binding was low. 42 Among the neurodegenerative dementia groups, the order of the prevalence of ␤-amyloid binding was similar to that of the relative prevalence of SHF in our study. On the basis of neuropathologic studies, 23, 43 microbleeds are frequently observed in the brains of patients with AD and are mainly related to ␤-amyloid pathology (cerebral amyloid angiopathy). Moreover, a neuropathologic study showed a relatively high prevalence of ␤-amyloid pathology and cortical microhemorrhages in the brains of patients with DLB 27,44 and a low prevalence of ␤-amyloid pathology in patients with FTLD. 27, 45 We suggest that SHF on SWI may be associated with ␤-amyloid pathology in these diseases.
In all of our patient groups, the lobar region was the most frequent site of SHF. Although in patients with AD, DLB, and FTLD, there was a significant predilection for the lobar region, this was not the case in patients with VaD, MCI, and subjective complaints. SHF in the basal ganglia/thalamus or infratentorial region tend to be associated with vascular risk factors. 11 In patients with MCI, the distribution pattern of SHF was more similar to VaD than AD. Staekenborg et al 46 demonstrated that microbleeds, lacunar infarctions, and severe white matter hyperintensities in MCI were associated with progression to non-AD dementia such as VaD. In our patients with MCI, lacunar infarctions and confluent white matter hypertensities were seen in 26% and 16% of patients, respectively. Although we did not evaluate the progression of MCI to dementia in this study, the patients with small-vessel disease may have affected the distribution pattern of the microbleeds in MCI.
We observed that in patients with VaD, their SHF were almost equally distributed among the lobar, basal ganglia/thalamus, and infratentorial regions. This SHF distribution may be explained as follows: Because cerebral amyloid angiopathy has a lobar predilection and is associated with advancing age, 47 it may have coexisted with lipohyalinosis in our elderly patients with VaD. Then, lobar SHF do not include periventricular or deep white matter according to the Microbleed Anatomical Rating Scale. 48 Because we defined periventricular or deep white matter SHF as a lobar region, the definition may have affected the anatomic prevalence. In addition, our observers scaled a region as SHF-positive if they identified at least 1 small hypointense focus in an area or region. This assessment method may have influenced our results.
The distribution pattern of the microbleeds in patients with FTLD was similar to that in AD. A study of postmortem MR imaging by De Reuck et al 49 demonstrated that microbleeds in patients with FTLD had a lobar prevalence. Their pathologic study revealed that cerebral amyloid angiopathy does not explain all of the microbleeds in the brain. Although the exact causes of microbleeds in patients with FTLD are not known, they suggested that microbleeds were associated with disturbances of the blood-brain barrier due to the severity of neurodegeneration.
Our study confirms earlier reports that documented the lobar distribution of SHF in AD. 19, 22, 23, 25 According to Pettersen et al, 19 in patients with AD, SHF are primarily found at occipital sites. Among our patients with AD, there was no significant difference in the location of SHF in frontal, temporal, parietal, and occipital areas. When our observers identified at least 1 small hypointense focus, the area was recorded as SHF-positive. Our evaluation method differed from theirs, and this discrepancy may account for the difference. We did not evaluate the degree of accumulation of SHF in a specific area of the brain. In our study, SHF were topographically similar in patients with AD and DLB because they manifested a predilection for the lobar region. We cannot explain the apparent preference for this region in patients with DLB. Earlier neuropathologic studies showed a relatively high prevalence of AD pathology and lobar microhemorrhages, including cerebral amyloid angiopathy pathology, in individuals with DLB. 27, 44 These findings support ours. Because our DLB group was of the most advanced mean age, the age factor might have played a role in the induction of cerebral amyloid angiopathy pathology in this group.
Our study has some limitations. First, patients with subjective complaints served as the control. In our subjective complaints group, lacunar infarcts were not observed and the frequency of confluent white matter hyperintensities was very low. Therefore, we think that the effect of small-vessel disease in our patients with subjective complaints was small. The prevalence of lobar SHF among elderly healthy controls with a mean age of 74.6 years reported by Yates et al, 21 who used 3T SWI, was similar to ours. The mean age of our patients with subjective complaints was slightly lower than theirs. Subjective memory symptoms might be related to preclinical AD and, therefore, may be artificially increasing the number of microbleeds expected in the control group. Second, the number of patients in our subgroups was relatively small, and 3T SWI studies on larger populations are needed to elucidate the prevalence and topography of SHF in patients with dementia. Third, our study had a lack of pathologic confirmation of microbleeds. Schrag et al 50 reported a correlative study of 3T SWI-identified hypointense foci to tissue pathology in postmortem brains of patients with AD. The correlation showed a variety of cerebral amyloid angiopathy-related pathologies: acute microhemorrhage, hemosiderin residua of old hemorrhages, and small lacunes ringed by hemosiderin. Their study suggests that hypointense foci on SWI in patients with AD indicate a variety of cerebral amyloid angiopathy-related pathologies. Finally, all diagnoses were based on pre-established clinical criteria without biomarker support of amyloid pathology or pathologic confirmation. This may create some errors in the associations.
CONCLUSIONS
The prevalence of SHF suggesting microbleeds on 3T SWI among the groups differed significantly; 86% of those with VaD, 54% of those with DLB, 48% of those with AD, 41% of those with MCI, 27% of those with FTLD, and 22% of those with subjective complaints harbored SHF. The adjusted odds ratio for SHF by using the subjective complaints group as a reference was 9.2 for VaD, 5.4 for AD, 3.1 for DLB, 2.0 for MCI, and 1.5 for FTLD. Patients with AD, DLB, and FTLD manifested a lobar predilection. Our findings provide further evidence not only for the involvement of vascular factors in these neurodegenerative diseases but also that SHF may even relate to amyloid pathology in specific diseases. Further studies are necessary to investigate the relationship of microbleeds to the disease pathogenesis, disease progression, and prognosis. 
